This paper describes Binghamton University Libraries' (Libraries) relationship with an industrial engineering senior design course by serving as a client in two different capstone projects. The Librarians involved were the Director of Public Services, the Director of Technical Services, and the Engineering Librarian. Each project involved a group of engineering students who were tasked with redesigning a library space to meet the needs of its users, one a public service space and the other a technical services space. The two groups of students used their engineering skills to evaluate the current space and study its users to then craft and model a redesign. Additionally, they had the opportunity to receive assistance concerning each project from a professional project design engineer employed by the university. The students attended weekly meetings with the Librarians and staff involved to update and receive feedback on their progress. The Libraries were able to provide the students with valuable experience in what it is like to work as a professional engineer in the field and helped them to understand the high level of communication necessary to do so. The students learned how a library functions and the necessity of understanding the organization's operations in order to be able to fulfill the client's needs. By serving as a client, Librarians involved in the process learned first-hand how to support engineering education and information needs. The Librarians were involved with the student's workflow and understood when and why information was needed. The projects concluded with well thought out and extensive proposals for the redesign which have the potential to be a basis for future renovations.
client relationships that will be needed in their professional careers. According to Goldberg 7 , senior capstone projects are "the most important courses our engineering students will take in their undergraduate programs. They provide students with an opportunity to apply what they have learned in previous years and develop their communication (written, oral, and graphical), interpersonal (teamwork, conflict management, and negotiation), project management, and design skills."
Librarians typically are involved with engineering curriculum and capstone projects from the perspective of information literacy and research skills. Examples of engineering faculty and librarian collaborations include developing conceptual models of information literacy and engineering design 8 ; creating design course or project research literature blogs 9, 10 , and implementing information literacy badging programs 11 . Serving as a senior design capstone project client is a novel library-engineering program collaboration.
Public Space Project
In this project, the six ISE engineering students were tasked with redesigning two public space areas, the Information Commons and the East Reading Room. The Information Commons in particular is the most heavily used space within Bartle Library, offering 217 computer stations, seven printing stations, and five scanners. In addition, there are study areas, a group study room, an adaptive technology room, the reference book collection, the Research Help Desk, and the IT Help Desk. The East Reading Room is currently a space for quiet study with individual study carrels and lounge furniture.
The Director of Public Services and the Engineering Librarian met with the engineering student team on a weekly basis to provide feedback, answer questions, and introduce the students to other staff who needed to be consulted. In the first meeting, the team was tasked to determine how the space was being used, how to use the space effectively, and whether or not it currently met the needs of the patrons. With this, the students set the goals of their project to increase the utilization of the space and improve users' performance and satisfaction with the space.
Throughout the weekly meetings, the engineering student team consulted with us to share what they were currently working on and to determine the best course of action. The first semester consisted of data gathering through a web survey distributed to all students, interviews of current users, and gate count and headcount data. The second semester focused on the analysis of the data and creation of the redesign. Many of the students' information needs were satisfied by connecting and introducing the students to other library and campus staff involved. For example, when the students were concerned about finding out how many students were in the library at one time, the students worked with Reader Services staff members who oversaw the gate count and headcount collection. They shared with the students what data was available and how it was collected, and were willing to provide the students with that data. They also shared with the students the Google form used to collect headcount data so they could perform headcounts at times of their own choosing more easily. Other library staff consulted included the Research and Instructional Services Team, the Information Commons Coordinator, and Library Technology.
University staff outside of the Libraries consulted were Information Technology Services and the University engineer. Each were experts in their respective areas and provided students information and advice on the printers, computers, services, and the library building. Other information required by the students was obtained from library furniture suppliers and book shelving suppliers. The students were also given information resources specific about the Libraries and library space in general, including book chapters, articles, and reports.
The engineering student team used a variety of skills learned throughout their engineering courses to collect and analyze data and optimize the space design. Initial data gathering was by means of an internet survey and random interviews of students who currently used the space to determine their needs and current usage of the space. Some printing data was collected through the students' observations. They then incorporated that data, along with the printing and headcount data provided, into an Arena Simulation, a discrete event simulation software. This simulation was used to determine the most optimal printing model. The simulation was run with the current design and two suggested redesigns. The students also used AutoCAD to create visuals on the final redesign. Human factors and ergonomics were considered throughout the project with a particular area of focus on the furniture choices and layout.
The final redesign (see Appendix A) was presented to the entire library staff, including the Dean and library faculty. The redesign of the East Reading Room was a dramatic change; it converted the individualized study area into 23 group study rooms. Twenty-one of these rooms held up to four students, and the other two were larger and held up to 10. Each group study room had an iPad located outside the door so patrons could reserve the room as they entered. There was a general iPad located just outside the East Reading Room so patrons could reserve rooms in advance. The reservation system on the iPad used the Libraries' current room reservation system, and was accessible through the web for personal device use as well. With the East Reading room converted to group study, the students' design removed the group study room and practice presentation room from the Information Commons. The Information Commons redesign optimized the space to include 70 additional computing stations for a total of 284. It implemented their centralized printing hub developed from the Arena Simulations. The reference collection stacks were moved to the adjacent government documents room using high-density, compact shelving. New furniture was added to all areas. Each item of furniture was selected based on ergonomic design, flexibility, and usability. Space was further optimized to include more furniture within the Information Commons alcoves, and the design removed unused coat closets to add cafe-height seating and desks. Soundproofing was added to both rooms as the students' research showed that a more quiet study space was desirable. Carpet padding was included in the East Reading Room design, and limp mass, acoustic foam, and sound paneling for both areas.
Through this project, the Director of Public Services and the Engineering Librarian were able to serve as a client of engineering students. The students learned how important it was to meet the needs of their client, which may not always be the most optimal or best option from an engineering standpoint. For instance, the students' final design relocated the Research Help Desk to the back wall. When this was presented to the entire library staff, the students received comments that the staff preferred the desk where it was, a centralized location and just past the entrance. As a client, the Libraries' were able to have an outside source examine the space and provide insight. The Information Commons was designed as a collaborative space, but through the students' research, it was discovered that most students worked individually at the workstations. They required collaborative space because they preferred to study with friends or colleagues nearby. Students could then openly discuss their assignments or projects with their peers.
The students also learned a lot about the library itself. They experienced first-hand how much library staff care about its public space. They learned that designing a layout and placement of tables and chairs required a lot of research and consideration. While the students were given an open budget for the project, they came to realize that renovating a library requires a considerable investment of funds. The engineering student team met with many different people throughout the project, thus learning that libraries have many layers. The Libraries itself has numerous operational departments, and even external units, such as Information Technology Services and Physical Facilities, have some control or input over the space. The students also learned a lot more about the physical space and services offered within the library. One student in the group had not even known that the East Reading Room existed before this project.
Technical Services Project
In this case study, the Director of Technical Services had an opportunity to look at space utilization possibilities due to a proposed asbestos removal project. The target space was the Technical Services area of the Libraries which consists of the Acquisitions, Cataloging, Electronic and Continuing Resources and Book Preparation units. While the currently occupied space was useable it was not optimal for our purposes. The proposed asbestos abatement provided us with an opportunity to recreate our office space to better meet the needs of the staff within the department. The option of a complete overhaul of the space was made possible since all walls within the boundaries of the department would need to be removed as part of the abatement. While staff within the department had some ideas of what could be done with the space, the decision was made to work with ISE senior design capstone students. After meeting with the professor in the class and meeting with some of the students who were interested in doing a project, five students decided that this was a project they wanted to tackle.
At the first weekly meeting with the students, a timeline was set for what would be completed and when. It was decided that the first semester would be spent collecting information on how the library functions, what the Technical Services staff were responsible for, and to outline the basic needs of the area. Included in the planning was the design of a survey which would be given to all Technical Services staff. The survey included questions concerning each staff members' current working conditions and questions concerning their ideal working conditions.
During the second semester, the team would analyze the collected survey data and create several layout designs, including options for furniture, floor, and window options as well as the creation of a budget. They decided that they would work with AutoCad and a three dimensional (3D) design creator, Sketchup, to create several possible layouts for the reconfigured space. After a discussion of the problems, a walk-through of the area and brief introductions to the staff, it was decided that our weekly meetings were best spent by providing a forum for feedback based on the team's progress reports. It would also be an opportunity for the team to ask questions about the functions of the area and to discuss issues or problems they had run into.
At the first meeting, it was also decided that the role of the Director of Technical Services was to provide guidance and answer questions and allow the engineering team to create and carry out the project on their own. Their professor filled the role of teacher, the Director of Technical Services needed to stay the "client" in order to make the project as real as possible. The
Technical Services staff (26 total members with eight clerical, 13 paraprofessional, and five library faculty) were fully informed of the project and knew that they would be asked to participate in an interview and survey by the engineering students. Since this was a real project rather than a made up one, it was important to create an atmosphere where the student team was truly in-charge and one where the Technical Services staff could openly and honestly make comments to the team. The one place the Director of Technical Services became more of a teacher was in introducing the student team to people who could help with their project.
Examples of this were a university engineer and the Head of Technical Services at a similarsized university where the engineering team was planning to set up a site visit. The site visit was designed to compare the workflows of the two Technical Services areas as well as to examine their physical layouts and to speak to that staff for their impressions and comments about their workspace. The students went on the site visit and to the meetings with the university engineer on their own since neither of those activities would normally include the client.
Once the parameters of the project were established, the engineering team started to compile information. This ranged from measuring each of the rooms, hallways, and spaces within the department to looking at the current physical makeup of the area. The team identified areas that could not be moved/changed, including the elevators and staircases, the loading dock, mechanical rooms, major hallways, and, without great expense, the restrooms. They discussed the need for staff swing space while asbestos abatement and office rebuilding took place. Some small but significant changes were quickly noted. One example of this was the door thresholds which were present in the current configuration. It took a very short time for the team to realize that pushing full book trucks over a threshold is a difficult and possibly dangerous operation and that they needed to be removed during any remodeling. Additionally, during the first semester the engineering student team interviewed and surveyed the Technical Services staff to get an understanding of workflows and best practices and listened to comments from the staff about those processes. The staff was assured that comments from both the interviews and the survey would be confidential with the aim of receiving very honest comments from the staff.
During the second semester, the engineering team used the information collected from the interviews and survey as well as their own observations to begin to draw workflow diagrams to create visual representations based on all the data. After meeting with the Dean of Libraries and visiting the similar-sized Technical Services area in another university to gain even more insight into possible problems and solutions, the team members generated a Systematic Layout Planning (SLP) chart to start the process of creating detailed design options for the area. Architectural drawings were rendered using AutoCAD though the library also asked the engineering team to create 3D illustrations which were created in Sketchup. These illustrations were later automated to show how the workflows would move through the new physical areas. During the weekly meetings with the Director of Technical Services the designs were examined and consolidated until there were four unique designs. Following more discussions, the designs were winnowed to two final designs. A last request for the engineering student team was for the creation of three budgets for the project -a bare bones, a medium, and a high-end budget so options would be available depending on the final amount of funding. 
Conclusion
How did these ISE senior design capstone projects help the students? The overarching positive outcome was that it allowed each of them to pull together the classes they had taken over the past three years to utilize the knowledge and skills they had learned into a coalescing project. The projects were designed to meet the ABET criteria and that criteria was used to evaluate the overall projects. At the end of the assignment, the engineering students had gained knowledge of the give and take between the engineer and the client, including incorporating ideas from a very diverse group of staff stakeholders. Rather than just having to impress a professor who knew more than they did about engineering, the students learned to successfully communicate and deal with a client who knew significantly less about engineering, a more common situation in real life. In any project an engineer handles during their career, they will learn more about the type of business and/or environment they are working with. However, since in this case the project happened to be in a library, they had an opportunity to learn how a library really worked and, with that knowledge, gained research skills to be used not only as they finished their undergraduate careers but which will be important in their graduate or future work careers.
How did the projects help the Libraries? It was incredibly valuable to have an outside set of eyes examine how the space is used and how a library operates. Each group of students brought a fresh perspective to the space and through that incorporated innovation in their new designs that was not considered previously by the Libraries. Library staff are so used to their work place that it is hard to see and develop a completely new design.
The librarians gained valuable insight into the engineering curriculum and the type of information needed for their course work. Not only did the students rely on engineering-specific research and information learned through their classes (provided by the Libraries) but also needed to consult materials outside of a library's traditional engineering collection to learn about their client's industry or organization, in this case a library, to design effective spaces. The librarian assisted the students with their information gathering by introducing them to other library and campus staff who held the data that was specific to Binghamton University Libraries and were able to fully answer the students' questions. The librarian also provided books and articles from library literature so the students could research how other libraries design space. In addition, the Libraries received high-quality design proposals for renovation of two different and vital areas within the library. Other libraries can benefit from doing similar senior capstone design projects as long as viable project ideas are presented due to the significant time commitment. This further helps develop students' skills in real-life situations and answer their questions.
